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ABSTRACT 

We study quasar clustering on small scales, modeling clustering amplitudes using halo-driven dark 
matter descriptions. From 91 pairs on scales < 35 h~ x kpc, we detect only a slight excess in quasar 
clustering over our best-fit large-scale model. Integrated across all redshifts, the implied quasar bias 
is b Q = 4.21 ±0.98 (b Q = 3.93 ±0.71) at ~18 h^ 1 kpc (~28 hr 1 kpc). Our best-fit (real-space) power 
index is ~-2 (i.e., £(r) oc r~ 2 ), implying steeper halo profiles than currently found in simulations. 
Alternatively, quasar binaries with separation < 35 h^ 1 kpc may trace merging galaxies, with typical 
dynamical merger times t<j ~ (610±260)m~ 1 / 2 /i~ 1 Myr, for quasars of host halo mass mx 10 12 h~ x MQ. 
We find UVX quasars at ~28 h~ x kpc cluster > 5 times higher at z > 2, than at z < 2, at the 2.0a 
level. However, as the space density of quasars declines as z increases, an excess of quasar binaries 
(over expectation) at z > 2 could be consistent with reduced merger rates at z > 2 for the galaxies 
forming UVX quasars. Comparing our clustering at ^28 hr 1 kpc to a £(r) = (r/4.8 hr 1 Mpc) -153 
power-law, we find an upper limit on any excess of a factor of 4.3 ± 1.3, which, noting some caveats, 
differs from large excesses recently measured for binary quasars, at 2.2a. We speculate that binary 
quasar surveys that are biased to z > 2 may find inflated clustering excesses when compared to models 
fit at z < 2. We provide details of 111 photometrically classified quasar pairs with separations < 0.1'. 
Spectroscopy of these pairs could significantly constrain quasar dynamics in merging galaxies. 

Subject headings: cosmology: observations — large-scale structure of universe — quasars: general — 
surveys 



1. INTRODUCTION 

Galaxy formation and quasar activity are becoming 
irrevocably linked in the wake of mounting evidence 
that most local galaxies c o ntain s upermassive black holes 
(|Kormendv fc Richstonel Il995t iRichstone etal] 1 19981) 
with dynamical masses that correlate to many prop- 
erties of the galaxies' spheroid al component (e.g., 

iMaeorrian et alj|1998t ISilk fc Reeslll998fh Galaxy merg- 
ers are a likely proge nitor of new massive systems (e.g., 
iHeckman et al.lTl986t ). so, in turn, quasar formation is 
strongly linked to galaxy merger activity. At redshifts of 
z > 2, where gas is abundant, the mergers of gas-rich 
galaxies provided am ple baryons to fuel v igorous UVX 
quasar activity (e.g.. iHopkins et aT1l2006f ). As baryons 
were depleted in the universe the merging of gas-rich 
galaxies shifted to lo wer masses fe.g.. lCroom et al.l :2005: 
IHopkins et al J 120061 ) and UVX activity became scarcer, 
consistent with t he observed declin e in UVX quasars 
since z < 2 (e.g.. lCroom et alj|200l ). 
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Unified models of quasar and galaxy formation are 
physically complex, and require new constraints from 
large datasets. In particular, as quasar formation is 
driven by mergers of gas-rich galaxies on dark matter 
halo scales, small-scale quasar clustering is almost cer- 
tainly a tracer of galaxy merger activity (e.g..lDiorgovskil 



1991 iSchneiderl [19931: iKochanek. Falco fc Munezl |199£ 



Mortlock. Webster, fc F rancis 1999). It is not yet clear 



whether quasar activity is triggered in both of two merg- 
ing galaxies or, rather, if quasar pairs are just tracing 
highly biased regions of the universe where many differ- 
ent merger events have occurred within a small volume. 
Of course, these t wo processes might dominate on dif- 
ferent scales (e.g.. IHopkins et al.l 120061 ). In either case, 
models of galaxy mergers and quasar formation should 
be usefully constrained by measurements of quasar clus- 
tering on small scales, and by any redshift evolution in 
quasar clustering on small scales. 

Measuring quasar clustering on small scales (where the 
total volume occupied by quasars dwindles) is limited by 
the number of known quasars. Further, in redshift sur- 
veys that utilize multi-object spectrographs, fiber col- 
lisions can restrict the number of pairs o bserved, even 
on ar cminute scales (e.g., see, Figure 11 of iCroom et al.l 
2004). One method to improve clustering statistics on 
kiloparsec scales is to compile sel ections of quasa r pairs 
observed for different purposes. iHennawi et"aH (2006; 
henceforth Hen06) used such an approach, and found 
that quasars cluster ~10 times higher than expected on 
scales of 40 kpc, growing to ~30 times higher at 
~10 h~ 1 kpc. However, as the sample used by Hcn06 
was compiled via several techniques, and nominally, to 
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target both gravitational lenses and quasars that trace 
the Lya forest, their selection function is quite complex. 

Many of the problems with studying quasar clustering 
on small scales could be circumvented by using a com- 
plete sample of photometrically selected objects that car- 
ried a high likelihood of being quasars. Until recently, 
star-quasar separation was insufficient to create such a 
sample fe.g.,~60% efficienc y in the 2dF QSO Rcdshift 
Survey; ICroom et alj 120041 ; henceforth 2QZ). However 
the ph otometrically classified sample of iRichards et all 
(120041) has highly efficient star-quasar separat ion (~95%; 
IRichards et al]|2004t iMvers et al.ll2006l I2007D , and offers 
a unique opportunity to study quasar clustering on kilo- 
parsec scales using a sample with well-controlled statis- 
ti cal selection. 

IMvers et al.l (|2006f ) demonstrated a proof-of-concept 
clustering analysis of ~80,000 photometrically classified 
quasars at redshifts below ~2.5. In this series of pa- 
pers, we extend this work to ^300,000 such objects 
drawn from the fourth data rele ase (DR4) of the Sloan 
Digital Sky Survey (SPSS; e.g.. IStoughton et alj 120021 ; 



lAbazaiian et alj|2003t 12004 |2005j). Our goal in this pa- 
per is to quantify the amplitude of the sm all-scale clus- 
terin g of quasars. In a companion paper (|Mvers et al.l 
l2007t henceforth Paperl), we study the redshift and lu- 
minosity evolution of quasar clustering on larger scales 
(~50 h' 1 kpc to -20 h~ l Mpc). 

The "KDE" data sample used in this paper, which is 
constructed using the Kernel Den sity Estimation (KDE) 
technique of lRichards et al.l (|2004f ). is detailed in Paperl. 
The KDE technique is made viable by many technica l 
aspects unique to the SDSS (e.g., lYork et ail [2 000) . 
inclu d ing superior pho t ometry (e.g., iFukugita et al.l 
19961 iGunn et al.l 119981: iLupton. Gunn fc Szalav [19991 : 



Hogg et all 120011 : I Smith et all 120021: llvezic et al.H2004[ ), 
astrometry (e .g., iPier et al.l 120031), and data acqui- 
sition (e.g., IGunn et al.l 120061 : iTucker et aD l2006[ h 

Our analysis methodology is discussed in depth in 
the Appendixes of Paperl. The only additional 
technique in this paper is our deprojection of an- 
gular power-laws of the form loqq{9) = A6~ 5 ; we 
use the fact that 7, the slope of the real-space cor- 
relation function (£( r) oc r~ 7 ) can b e derived via 
7 = 1 + 6 (see, e.g., IMvers et al.l I2006D. Throughout 
this p aper, we use the ISchlegel. Finkbeiner fe Davisl 
(1998) maps to estimate Galactic absorp- 
tion. We adopt ACDM with (Q m , tt A , cr 8 , T, 
h = i7 /100km s- 1 Mpc- 1 )= (0.3,0.7,0.9,0.21,0.7) 
as our cosmology, where T is the shape of the matter 
power spectrum. 

2. VISUAL INSPECTION OF THE SMALL-SCALE KDE 
PAIRS 

We do not explicitly mask the KDE sample for the 
standard mask holes available in the SDSS Catalog 
Archive Server, because the density of KDE objects is 
too low for significant numbers to fall in the masks. We 
have previously checked that this makes no difference to 
our analysis on large scales but it is rigorous to check 
whether our pairs are particularly biased on small scales, 
perhaps by fractured objects near bright stars. In pur- 
suit of this, we visually inspected images of each of the 
135 KDE pairs that have separations of Ad < 0.1'. We 
find that only 1 of the 110 (2.4" < A9 < 6", A g < 0.21) 
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Fig. 1.— The autocorrelation of all 299,276 {A a < 0.21) DR4 
KDE objects in our working area (see also Paperl). The short- 
dashed line is the best-fit bias model (Equation B2 of Paperl) over 
the range 0.16' to 63' (~55 h' 1 kpc to 22 h" 1 Mpc at z ~1.4). 
The dotted line is the best-fit bias model (over the same range) 
when including stellar contamination (Equations B2 and CI of Pa- 
perl, with u>ss = 0.18). Note that including stellar contamination 
affects bias estimates less than the 3% precision in the models 
(Smi03) used to derive 6q. The solid line shows the expected clus- 
tering for a linear bias model, and the lower panel shows the bias 
relative to this model. The long-dashed line is the best-fit power- 
law model over 0.16' to 63'. Errors are jackknifed and fits include 
covariance. 



small-scale pairs in our analyzed area lies within a stan- 
dard SDSS imaging mask; this object alone would have 
a negligible affect on our analysis or conclusions. 

Visually inspecting the small-scale pairs led to the dis- 
covery of a number of dubious pairs that do not lie 
within standard SDSS masks but are obviously not gen- 
uine quasars. These are generally H II regions in vari- 
ous galaxies (a known contaminant of SDSS objects with 
star-like photometry). In all, we determined that 24 
of the 135 Ad < 0.1' KDE pairs, and 18 of the 110 
(2.4" < A9 < 6", A g < 0.21) pairs in our analyzed area 
are not quasars. In general these dubious pairs have dis- 
crepant photometric redshifts, particularly compared to 
the rcdshift bins we use in this paper (in fact only three of 
these pairs lie in a shared bin, for bins as plotted in Fig- 
ureO all three in the 0.4 < z p hot < 1-0 bin). Throughout 
this paper we additionally correct our results to account 
for these objects that are really H II regions (as well 
as the one small-scale pair that lies in a standard SDSS 
mask hole), on our A8 < 0.1' scales of interest. The 111 
KDE pairs with separations of AO < 0.1' that are nei- 
ther H II regions nor lie in a standard SDSS mask hole 
are recorded in Table [2] 

To check that masked objects and H II regions are not 
a general contaminant in the KDE data, we visually in- 
spected 1000 randomly selected DR4 KDE objects. Only 
4/1000 objects lay in masks or were H II regions. A con- 
tamination of 0.40±q i|% is far lower than our expected 
stellar contamination, well within our error bars on all 
scales, and far too small to affect our analyses (other 
than as discussed on very small scales where H II regions 
can mimic quasar pairs). 
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3. EXCESS QUASAR CLUSTERING ON SMALL SCALES 

In Figure [TJ we show the autocorrelation function of 
objects in the DR4 KDE catalog. In combination, the 
points plotted in Figure [1] on scales < 0.1' rule out our 
best-fit large-scale bias model (Equation B2 of Paperl, 
with bQ = 2.41) at 2.2c (i.e., > 97%), usin g Poisson er- 
rors, which are valid on these scales (e.g., IMvers et all 
120031 12005( 1. The innermost two bins plotted are, m 
fact, in better agreement with the (less physically moti- 
vated) best-fit large-scale power-law model (u> — 0.0493± 
0.00646»-°- 928±0 055 ; P <x 2 = 0.483). If the innermost bins 
are included in such a power-law fit, the best-fit model 
is barely changed (w = 0.0469 ± O.OO480-°- 912±0 045 ; 
P <X 2 = 0.622). 

We will proceed by measuring the amplitude of the in- 
nermost two points plotted in Figure [TJ relative to our 
best-fit bias model and relative to a linear bias model. 
Of course, we don't necessarily expect the Smi03 models 
to be accurate on kiloparsec scales, but they neverthe- 
less provide a reasonable phenomenological description 
of dark matter, and other authors may well combine such 
models with astrophysical factors to try and reproduce 
kiloparsec-scale quasar clustering. 

The innermost two bins (9 < 0.1') in Figure [1] cover 
2.4" < 9 < 3.8" (-14 to 22 h' 1 kpc at z = 1.4, the 
mean redshift of our sample) and 3.8" < 9 < 6" (—22 
to 35 kpc). Contamination by pairs that are a 
single lensed source is unlikely, particularly for 9 > 3" 
(e.g., Hen06). On these two scales, cu is 3.05 ± 1.42 
and 2.65 ± 0.96 times higher than our best-fit large-scale 
bias model, and 17.7 ± 8.2 and 15.4 ± 5.5 times higher 
than a linear bias model. This suggests that adequate 
modeling of quasar clustering, at z — 1.4, will require 
b Q = 4.21 ± 0.98 (b Q = 3.93 ± 0.71) on 18 h' 1 kpc 
(28 kpc) scales relative to the ACDM description of 
Smi03. We find it is immaterial on these scales whether 
we include stellar contamination (see Appendix B of Pa- 
perl) in our modeling, or vary the large-scale cutoff of 
our fits, as such changes only affect our &q estimates by 
a few percent — this is illustrated in Figure [TJ where the 
amplitude of the model autocorrelation on small scales 
is clearly unchanged by incorporating stellar contamina- 
tion. 

4. EVOLUTION IN QUASAR CLUSTERING ON SMALL 

SCALES 

In Figure[5]we split our sample by photometric redshift 
and recalculate the qu asar autocorrelation in each bin 
(see IMvers et al.l 120061 for validation of this technique) . 
Figure [2] suggests that excess quasar clustering is appar- 
ent on scales of < 35 ft -1 kpc at all redshifts. Again we 
apply the Smi03 models as a phenomenological descrip- 
tion of the underlying dark matter. We allow the quasar 
bias bQ to evolve with redshift to best fit the data, and 
derive the implied 6q values on small scales (see Fig- 
ure©. 

Figure [3] (see also Table [TJ) implies —5 times as many 
UVX quasar pairs existed at z > 2 than at z < 2, 
on scales of —28 hr 1 kpc. This rises to —6.5 times as 
many relative to the large-scale expectations at each red- 
shift. A model with constant &q across < z p hot < 2.5 
is rejected by the data for the best fit 6q = 4.14 
(P <x 2 = 0.083). Although, x 2 may be misleading for so 
few constraints, our single data point at z > 2 rules out 




Fig. 2. — Quasar clustering evolution with photometric redshift 
(see also Paperl). There are ~65,000 quasars in each bin except for 
2.1 < z phot < 2.8, which contains ~28,000 quasars. The solid line 
is the expected ACDM clustering derived from Smi03, with linear 
bias. The dotted line is our best-fit large-scale model where only 
the quasar bias, 6q, is varied. The dashed line also incorporates 
stellar contamination. Errors in this plot are jackknifed and fits 
are made over scales of 0.16' to 63' including covariance. A scale 
of 0.16' to 63' is ~55 h~ 1 kpc to 22 h~ 1 Mpc in all bins except 
the lowest redshift bin (~50 h~ l kpc to 20 h' 1 Mpc). 



Fig. 3. — The evolution of small-scale quasar clustering (see 
also Table [TJ integrated over scales of 2.4" < A0 < 6" (~14 to 
35 hT 1 kpc). The triangular points represent the quasar bias, 6q 
at a given photometric redshift, relative to the models of Smi03. 
Due to the photometric nature of the redshifts we use, estimates 
of 6q at the lowest and highest redshift are at least 10% too high 
and 10% too low, respectively (see section 3.2 of Paperl). We 
illustrate this 10% correction with square points and dashed error 
bars. Points at other redshifts should not be biased at all by the use 
of photometric redshifts. Errors in this plot are base d on Poisson 
estim ates, which are valid on small scales (see, e.g., IMvers et al.l 
[2005T) . 
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bg = AAA at the 1.8a level, consistent with the \ 2 rejec- 
tion. In Section 3.2 of Paperl, we noted that, because of 
our use of photometric redshifts, our points in the lowest 
and highest redshift bins are at least 10% too high and 
10% too low, respectively (the other redshift bins are not 
biased at all by our use of photometric redshifts) . Incor- 
porating this 10% weighting into our analysis rules out 
the best, constant bias model of 6q = 4.00 at —95%. The 
highest redshift (z — 2.28) point in our weighted analy- 
sis rules out 6q = 4.00 at the 2.0cr level. If we combine 
our data at z < 2 into a single inverse- variance-weighted 
estimate (bq = 3.82 ± 0.59) and determine whether this 
estimate would be rejected by the data point at z > 2, we 
again find that the level of rejection is 2. Oct (i.e., 95.2%). 

5. DISCUSSION 
5.1. Overview and Comparison to Recent Studies 

For a UVX quasar sample with z = 1.4 we find 
the angular quasar autocorrelation is —3.0 (—2.7) times 
higher than our best-fit large-scale bias model and 
~17.7 (~15.4) times higher than a linear bias model at 
—18 hr 1 kpc (—28 h~ x kpc). Relative to the descrip- 
tion of Smi03 (which, admittedly, may not be valid on 
the scales we are discussing), modeling of quasar clus- 
tering requires b Q = 4.21 ± 0.98 (b Q = 3.93 ± 0.71) at 
-18 hr 1 kpc (-28 hr 1 kpc). On scales of < 35 h,- 1 kpc, 
our best-fit bias model on larger scales is ruled out at 
2.2cr (i.e., > 97%). Quasar bias therefore appears to be 
scale-dependent on scales < 35 h^ 1 kpc. 

Very few studies have been able to probe quasar clus- 
tering down to scales of a few arcseconds. The most im- 
pressive is Hen06, who detected excess quasar clustering 
of a factor of -10 (-30) at < 40 /i" 1 kpc (< 15 h' 1 kpc). 
However, their sample was initially constructed from 
a candidate sample of gravitatio nal lenses, complicat - 
ing their color selection. Further, iHennawi et alJ (|2006l ) 
measure their excess over a power-law derived from a 
UVX sample (PMN04) limited to M bj < -22.5 and 
0.8 < z < 2.1, quite different from their own color, 
magnitude and redshift selection. N otably, quasar clus- 
tering, grows sign ificantly at z > 2 (jCroom et al.l 120051 : 
iMvers et al.ll2006l ), and, although Hen06 attempt to cor- 
rect for redshift evolution, they only do so to reflect 
PMN04 results at z < 2.1. Further, the Hen06 sample, in 
targeting tracers of the Lya forest, may be biased toward 
z > 2. By contrast, the selection of our KDE sample is 
very uniform. Our pairs will contain some stars, and our 
result is angular (as opposed to Hen06, who use redshift 
information). However, as noted in section[31 stellar con- 
tamination has little affect at < V and our sample size 
will offset the angular nature of our analysis, particularly 
as velocity effects can complicate redshift-space cluster- 
ing measurements on kiloparsec scales. 

Table [2] illustrates that 19 of the small-scale binary 
quasars detected by Hen06 are also included in our analy- 
sis. In fact, for objects with separations of 3" < A9 < 6", 
all but 5 of the quasar pairs studied by Hen06 make 
our sample 8 . A sixth pair we miss, SDSSJ1034+0701, 
appears in Table 2 of Hen06 but is missing from the 
machine-readable data, and one member of this pair is 
at g > 21 so it could not make our sample. Of the 5 

8 The machine-readable tables in Hen06 suggest we miss 7 pairs, 
but 2 of these appear in multiple tables 



quasar pairs we miss; 3 have a member with a redshift 
of z > 2.4 where the KDE selection is poor (only one of 
these is a true binary); 1 (a projected pair) has a mem- 
ber with redshift z — 2.2, at the edge of our UVX color 
selection; and 1 is a quasar binary at z — 1.55, only 1 
member of which appears in the KDE catalog. As we find 
98 likely quasar pairs with separations 3" < AO < 6", it 
is tempting to state that we find even more of an excess 
of quasar clustering on small scales than the large excess 
found by Hcn06. However, —100 quasar pairs on these 
scales is close to our expectation from large scales, and 
in section 15. A\ we will explicitly demonstrate that our 
results are somewhat at odds with those of Hen06. 

5.2. Implications for the Cores of Dark Matter Halos 

Alternative descriptions of dark matter on scales of 
< 35 hr 1 kpc might explain small-scale UVX quasar 
clustering. We find that a power-law fit to our data with 
slope S = 0.912 ± 0.045 is acceptable (P <x 2 = 0.483) on 
scales from —22 h^ 1 Mpc down to < 35 hr 1 kpc, imply- 
ing a real-space correlation f unction slope of — (1 + S) — 
-2 (i.e., f(r) - r" 2 ; see, e.g.. lMvers et al.ll2006ft . This is 
significantly steeper on these sca les than either an NFW 
([Navarro. Frenk. fc White] 119971 : £(r) - r" 1 ) or Moore 
jMoore et al l |1998t £(r)" ~- r~ 15 ) halo profile Smi03 
inclu de a halo term (e.g.. iPeacock fc Smithll2000t iSeljakl 
2000) within the models we have utilized, so a small-scale 
steepening in simulated halo density pro files could help 
explai n quasar clustering at < 35 hr 1 kpc. iMasiedi et al.1 
(2006) come to a similar conclusion in an analysis of the 
clustering of LRGs, also finding an excess over halo ex- 
pectations at around < 35 hr x kpc, and a small-scale 
power-law consistent with £(r) — r~ 2 on these scales. 

5.3. The Merger Rate of Gas-rich Galaxies 

If the Smi03 description is valid at small scales, then 
UVX quasars are distributed more densely than dark 
matter at < 35 kpc. If quasars formed in mergers be- 
tween two gas-rich galaxies and, in certain stages of the 
merger event, black holes at the center of both g alaxies 
can ignite (e.g., Figure 2 of iHopkins et al.1 [2006). then 
UVX quasars should be highly biased on merger scales 
(< 35 h^ 1 kpc is not an unreasonable scale for the sep- 
aration of merging galaxies). In such a picture, quasars 
have two possible and entirely distinct UVX phases, one 
prior to the galactic merger (a UVX quasar binary) and 
one post-merger (a lone UVX quasar). Under this in- 
terpretation, the number of small-scale quasar binaries 
might be expected to diminish with cosmic time, par- 
ticularly at z < 2 as gas in the universe is depleted and 
mergers shift to objects wit h insufficient mass t o produce 
a UVX quasar visible (e.g., lHopkins et aTll2006f) . Such a 
decline at z < 2 is hinted at in Figure[3] One might argue 
that, for UVX binaries on small scales, 6q measures the 
number of merging gas-rich galaxies in the universe. We 
will now assess this, admittedly qualitative, argument. 

Figure [T] suggests a discrepancy at < 35 kpc be- 
tween dark matter models and quasars. We will proceed 
by inferring that at > 35 ft, -1 kpc we trace lone UVX 
quasars (shining after the merger of the galaxies that 
triggered the quasar) but at < 35 h^ 1 kpc we trace clus- 
tering enhancement due to the ensemble of UVX quasar 
binaries shining in both of two gas-rich galaxies prior 
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to a merger. To estimate the merger timescale (the to- 
tal time that quasars could be observed as a UVX pair 
pre-merger) we assume that the halos harboring UVX 
quasars merge on the order of a dynamical time 



The real-space correlation function, £qq(t), can be de- 
rived from the quasar bias we measured (sectionsOandQI 
relative to Smi03 models (see also the Appendix of Pa- 
perl and Smi03) 



t d ~ 2tt\ 



'_4 

GM 



(1) 



where g?q is the separation at which merging galaxies 
can begin to exacerbate UVX quasar behavior, G is the 
gravitational constant and M is the total mass associated 
with the merging galaxies. For the purposes of this dis- 
cussion, we do not care whether both UVX quasars are 
turned on by the merger, one quasar is extant and trig- 
gers the other, or both quasars are extant; only that all 
quasars with separations < d,Q trace galaxies that even- 
tually merge. In essence, as soon as a quasar is within g?q 
of another, we cease to think of that object, whatever its 
history, as a lone quasar and treat it as a binary tracing 
a merger event. 

The mass of the halo harboring a quasar post-merger 
will be the same as the total mass of the two parent 
systems. We will assume that pre-merger UVX pairs 
end up shining as a typical UVX quasar post-merger, and 
adopt a redshift-independent mass for UVX quasars' host 
halos of Mdmh — m x 10 12 h~ l M Q wher e m ~ 3-4 is 
consi stent with recent measurements (e.g.. ICroom et ah! 
120051 : Paperl). Also adopting <1q — 35 ±8 kpc from 
Figure [T] (with the uncertainty set by the bin width) we 
find t d ~ (610 ± 260)m- 1 / 2 /i- 1 Myr. Given believable 
values of m = 3 and h = 0.7, this toy model is in very 
reasonable agreem ent with simulated m erger timescales 
(e.g., Figure 2 of iHopkins et alJ I2006L Equation 10 of 
lConselicell20fB . 

To derive illustrative merger rates for the sample of 
UVX binaries we trace, we assume that all quasars at 
d < d,Q are in galaxies that eventually merge. The im- 
plied cojnov^ng vohjrne merger rate is then <pf = f m td.nQ 
(e.g- JCons elicc 200<|) where f m is the fraction of mergers 
being traced by quasars (i.e., half of the fraction of UVX 
quasars in pairs with r < cIq) and tiq is the space den- 
sity of quasars. We derive tlq simply from the number of 
quasars in a redshift bin divided by the comoving volume 
in that bin. However ; we also compa r e with using the lu- 
minosity function of iRichards et all (|2005l : only strictly 
valid for M g < —22.5 quasars over the redshift range 
0.4 < z < 2.1), to derive the space density (see, e.g., 
equations 1, 2 and 3 of PMN04), denoting this n^. As 
we do not have spectra, some of our quasar pairs will be 
chance alignments; and, further, as mergers are unlikely 
to occur after one dynamical time, 4>f really represents 
an upper limit on merger rates. 

To counteract the effect of chance alignments con- 
taminating our quasar pairs, we can estimate merger 
rates via the real-spa ce quasar autocorrelation (c.f., e.g., 
IMasiedi et all 12006? ). The average number of UVX 
quasars within < d,Q of a companion is 



N = Aim 



d.Q 

Q I r 2 £, QQ (r)dr 
o 



(2) 



£.QQ( r ) — bqizmin, z rnax , < dq) 

rk—oc 



. 9 ., . sin kr dk , 
x / A^ L (fc,z) — -dz 

k=0 



kr k 



where we average &q values over our redshift bins and out 
to cIq, for (normalized) dN/dz as in Paperl. It should be 
noted that although the Smi03 models may not be valid 
on our scales of interest, they are merely being used here 
to guide the redshift evolution of clustering amplitudes 
that have been established by the data. The comov- 
ing volume merger rate of the galaxies traced by UVX 
quasars is then 



Nn 



9 N ote that Equation 12 of the ApJ version of IMasiedi et aLl 
( 12003) should read T LRG n LRG ~ 0.6 X 10 3 . 



£ ~ — iVn Q m 1 / 2 /i 4 Myr" 1 Mpc" 3 (4) 
td 610 

Values of interest arising from these models are dis- 
played in Table [TJ In general, we consider cIq fixed at 
35 hr 1 kpc, as changes scale systematically with dq. The 
relative values of N/uq as a function of redshift suggest 
a strong increase in the number of quasar pairs at z > 2. 
However the fraction of quasars in pairs that are trac- 
ing merging galaxies (2/ m ) does not seemingly increase 
much at z > 2, being around 0.02% for a range of red- 
shifts > 1.4. The solution to this seeming discrepancy 
between the fraction of quasar pairs and the excess over 
expectation codified in the quasar autocorrelation is the 
dwindling space density of quasars at z > 2. As can 
be seen from our estimates of <$>£, which, we note, are 
purely illustrative, the merger rates implied by our best 
guesses at the relevant parameters hold constant, or even 
increase slightly from z > 2 to z < 2. Hence, the chang- 
ing space density of quasars means that a large amplitude 
for the quasar autocorrelation at z > 2, at separations 
< 35 h^ 1 kpc, is not inconsistent with a steady fraction 
of quasar binaries as a function of redshift. 

5.4. Comparison With Real-space Small-scale 
Clustering Excesses 

Of particular interest in Table Q] is N/uq, which arises 
simply from the correlation function and dq (see Equa- 
tion [2]). In the table, this is expressed in ft,~ 3 Mpc 3 
but one can derive the implied number of pairs within 
g?q compared to the expectation in real space (the in- 
tegrated correlation function in real space) by divid- 
ing N/uq by the volume of a sphere of radius dQ 
(V Q - lft,~ 3 Mpc 3 /5568). This yields, for instance, an 
apparent excess in our highest redshift bin of N/Nq ~ 
41,200 ± 39,000. To clarify our notation, and how we 
specifically calculate these ratios; N/uq = 4tt J r 2 ^Qqdr 
with £qq calculated as in Equation 2] (c.f. Equation \^ ; 
and N/Nq = J r 2 i QQ dr/ J r 2 dr. 

We can use our N/uq calculations to compare our 
measurements to the real space clustering excesses found 
by Hen06 relative to the £(r) = (r/4.8 h^ 1 Mpc)~ 153 
power-law of PMN04. Weighting our values of N/uq 
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TABLE 1 

The evolution of quasar clustering at 2.4" < 9 < 6" (~14 to 35 h~ l kpc) with photometric redshift z p hot 



Zphot 



A h 



2f m c /10- 



N/n Q d 












1.4 ±0.4 


45.2 


5.7 




^5.2 


~0.13 


1.9 ± 1.2 


9.9 


8.8 


59 


^2.6 


~0.42 


2.1 ±0.9 


9.4 


7.3 


14 


<3.0 


~0.32 


0.85 ±0.69 


9.1 


8.1 


12 


^1-9 


~0.16 


0.49 ± 0.47 


11.0 


6.9 


10 


^1-6 


~0.07 


6.8 ±4.6 


4.4 


1.5 




<0.45 


~0.04 



1.40? 
0.75 
1.20 
1.53 
1.87 
2.28 



0.58 ±0.17 
1.60 ±0.98 
4.02 ±1.67 
1.23 ±1.00 
0.73 ±0.71 
6.49 ±4.32 



2.71 ±0.77 
4.07 ±2.50 
5.61 ±2.34 
2.32 ±1.88 
1.03 ±0.99 
13.4 ±8.9 



3.96 ±0.57 
3.89 ± 1.20 
4.86 ± 1.01 
3.40 ± 1.38 
2.85 ± 1.38 
10.4 ±3.5 



<6.4±8:; , 

< 2.9± 

< 1.6± 



1 

9 

< 1.6±jj 

< 2.i±j 



(4.5± 
(7.6± 
(4.0±, 
(3.5±? 



I) 



i) 



a The angular autocorrelation of quasars integrated over the scale of interest. 

k The amplitude of small-scale clustering/the amplitude of the best-fit large-scale bq model. 

c (Upper limit on) fraction of UVX quasars that arc tracing merging galaxies. Numbers in parentheses attempt to correct for our use of photometric 
redshifts, and are based on the integrated overlap of primary photometric redshift solutions for a quasar pair in each bin. Errors are Poisson (e.g., 
Gehrcls 1986). 



Errors arc set purely by 6q. Units are h~ Mpc . Note that dividing these values by the volume in a sphere of radius 0.035 h~ Mpc (~ 1/5568) 
estimates the integrated real-space correlation function out to 0.035 /i" 1 Mpc. 
° Number of quasars in the bin per square degree 

^ Comoving space density of quasars (no correction) in units of 10 — 6 fo 3 Mpc~ 3 

s Comoving space density corrected via Richards ct al. (2005) luminosity function, where valid. Units are 10~ 6 /i 3 Mpc~ 3 . 

(Upper limit on) comoving merger rate based on f m in units of /i 4 Gyr~ 1 Gpc 3 . Wc use m — 3 {Mjjmh — rrt X 10 12 h^ 1 Mq). 
1 Comoving merger rate based on £qq and jiq in units of /i 4 Gyr _1 Gpc 3 . We use m — 3 (Mdmh — my. 10 12 h —1 Mq). 

J Values for the entire (A g < 0.21) DR4 KDE sample. Although a tiny fraction of the sample lie at z p hot < 0.4, these arc likely due to catastrophic 
z phot estimates, so we integrate over z > 0.4 to determine tiq and n^. 



across the range 1.0 < z < 2.1, we find N/uq = 0.84 ± 
0.35, implying N/N Q = 4740 ± 1970. Note that if we had 
instead weighted across 0.4 < z < 2.1, our values would 
have increased marginally to N/N Q = 5220 ± 1890. The 
PMN04 power-law (derived over the range 0.8 < z < 2.1) 
implies N/Nq = 3800±yoo- This means that on scales of 
< 35 kpc we find a real-space excess of only 1.2 ±0.6 
times. 

It might be argued that we underestimate small-scale 
excesses, as our statistical power is at > 14 /i -1 kpc but 
our models integrate from kpc, and the quasar bias 
may be yet higher on scales smaller than we can probe. 
Further, photometric image quality, given the SDSS me- 
dian seeing of ~ 1.4", limits pair separations to Ad > 3" 
(e.g., Hen06). However, we can explicitly calculate our 
model and data values over just our 3.8 < A9 < 6" 
(17.7 to 35.4 ft, -1 kpc) bin, and find that our real-space 
excess increases to a factor of 1.6±0.8. One might also ar- 
gue that our photometric redshifts scatter genuine quasar 
binaries across different redshift bins (i.e., see parenthet- 
ical values of f m in Table [l}. To quantify this effect, we 
integrate over overlapping primary photometric redshift 
solutions in each bin, finding that we may understimate 
the pair fractions by as much as a factor of 2.6 across 
1.0 < z < 2.1. This assumes that all pairs with overlap- 
ping photometric redshift solutions are binary quasars 
(i.e., no chance projections), and effectively distributes 
^85% of our probable quasar binaries across ~65% of our 
sampled volume. Incorporating this correction implies a 
hard upper limit on any excess of 4.3 ±1.3 (where the er- 
ror is reduced to account for the extra quasar pairs) over 
the £(r) = (r/4.8 hr 1 Mpc)" 153 power-law for PMN04. 

If we allow for Poisson error of ±2.4 in the factor of 10 
excess claimed by Hen06 at < 40 hr 1 kpc, based on the 
18 quasar pairs they study with separation < 40 h~ l kpc, 
we find our hard upper limit differs by 2.2<r from their 
measurement on these scales. Our hard upper limit is, 
however, well within la below the steeper power-law fit 
quoted by PMN04, £(r) = (r/5.4 hr 1 Mpc)" 18 , suggest- 
ing that steeper power-laws are allowed by our data, just 



not the larger excesses quoted by Hen06. We note that 
there are a number of important caveats to our compar- 
ison to Hen06: 

1. Our comparison relies on the evolution of Smi03 
models and a constant, average &q. Dark matter 
evolution may be more complex than this on kilo- 
parsec scales, and quasar clustering evolution more 
complex still on scales traced by galaxy mergers. 
The redshift dependence of A^ L (fc, z) in Equation[4] 
would then be inaccurate for our purposes. 

2. Hen06 average over scales that we cannot fit given 
the SDSS photometric completeness. If, as they 
claim, there are extremely large excesses on scales 
below 3" (< 14 hr 1 kpc), this could drive their 
entire claimed excess at < 40 hr 1 kpc. 

However, given that our measured clustering amplitudes 
are significantly higher at z > 2, we are willing to spec- 
ulate that the strong excess detected by Hen06 is due to 
a selection effect, driven perhaps by the design of their 
analysis to target tracers of the Lya forest (which biases 
their sample to z > 2). 

6. SUMMARY AND CONCLUSION 

We have used a sample of ^300,000 photometrically 
classified quasars from SDSS DR4, and, in particular, 91 
independent pairs with separations of 2.4"-6", to study 
quasar clustering on small scales. Our main results are: 

(a) On scales of < 0.1' (< 35 hr 1 kpc), we find that 
quasars clusters slightly higher (2.2cr) than our 
best-fit large-scale model. Relative to the models 
of Smi03, which include a halo term, the required 
quasar bias is b Q = 4.21 ± 0.98 (b Q = 3.93 ± 0.71) 
on scales of ~18 hr 1 kpc (~28 hr 1 kpc). 

(b) A pure power-law model (ui = 0.0469 ± 
0.00486»-°- 912±0 045 ) is in agreement with our data 
on < 0.1' scales. Assuming the projected real-space 
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index of such a model would be ~-2 (i.e., £(r) ~ 
r~ 2 ), steeper than typic al theoretical dark matter 
densi ty relations (e.g. , iNavarro. Frenk. fc White! 
119971; iMoore et al.lll998f ), steeper halo profiles could 
explain excess quasar clustering on these scales. 

(c) An alternative explanation is that quasars are dis- 
tributed densely within halos, as compared to dark 
matter, on small scales. This could arise if UVX 
binaries are quasars being ignited in both of two 
merging galaxies. 

(d) Assuming that UVX quasars are formed in merg- 
ers that are traced by UVX binary pairs, we 
demonstrate that, for a typical ho st halo mass 
of M qmh ~ m x 10 12 (|Croom et al.l 

2005) , a dynamical merger time is td ~ (610 ± 
260)m~ 1 / 2 /t~ 1 Myr , in good agreement w i th merger 
simul ations (e.g., iHopkins et al.1 120061 : IConselicel 

2006) . Under similar assumptions, we derive il- 
lustrative comoving volume merger rates for the 
merging galaxies being traced by UVX quasars. 

(e) Splitting our sample into photometric redshift bins, 
we find (on scales of ~28 hr 1 kpc), b Q = 3.82±0.59 
at z < 2 rising to at least 10% higher than 10.4±3.5 
at z > 2; a growth in quasar clustering at z > 2 of 
2. Oct significance. 

(f) We demonstrate that a sharp increase in wqq at 
z > 2 could be consistent with a near-constant 
fraction of UVX quasars being in binaries, given 
reasonable assumptions about merger rates for the 
galaxies being traced by UVX quasar binaries. The 
explanation lies simply in the evolution of the space 
density of quasars. 

(g) From ujqq and cLq, we derive the excess of 
quasar pairs in real space integrated over 17.7- 
35.4 hT 1 kpc. Over 1.0 < z < 2.1 we find an excess 
of a factor of only 1.6 ± 0.8 over the power-law ad- 
vocated by PMN04 (for 0.8 < z < 2.1). Our hard 
upper limit on any excess over PMN04 is 4.3 ± 1.3, 
which differs by 2.2ct (subject to several caveats, 
discussed in Section [5^4]) from the factor of 10 ex- 
cess found by Hen06 on scales < 40 kpc. We 
speculate that in biasing their selection to z > 2 
to target tracers of the Lya forest, Hen06 inflated 
their clustering amplitudes relative to PMN04. 

In conclusion, we note that a spectroscopic survey of 
all 111 pairs listed in Table [2] would be very informa- 
tive. Although only 72 of the 111 pairs have overlapping 
primary solutions for their photometric redshifts (with 
a mean probability of populating the primary of ^83%) 
quasars at different redshifts separated by A9 < 0.1' have 
additional scientific uses, such as using the background 
quasar to trace the foreground quasar in absorption. As 
(1 + uj qq ) ~ 2(1 + uj ss ) ~ 2(1 + ujqs) at < 0.1', and 
the KDE classification efficiency is close to 95%, at most 
~12 of the 111 DR4 KDE pairs should contain stars. Fi- 
nally, ~0.9% of matches between the KDE catalog and 
the 2QZ are NELGs, meaning that ~2 of the 111 pairs 
might be a NELG-quasar pair. Pairs containing stars or 
NELGs will be more likely to be in the set of pairs with 
non-overlapping photometric redshift solutions. 



Binary quasar samples are usually perfunctorily con- 
structed as a corollary to lens surveys, and can there- 
fore be, for instance, originally selected from sets of two 
images of the same color, or compiled from several sur- 
veys with different color, redshift, or magnitude selection. 
For instance, using DR3, Hen06 targeted only ~20-25 
of the (3" < A9 < 6") quasar pairs that would make 
the selection criteria of the KDE catalog, compared to 
the 111 DR4 pairs we list in Table [2l This numeri- 
cal discrepancy may be due to the strict color criterion 
insisted on by Hen06 to find lensed pairs (with identi- 
cal colors) rather than UVX quasar binaries (which can 
have different colors due to, e.g., scatter in the quasar 
color-redshift relation). Thus, a spectroscopic survey of 
our 111 DR4 KDE pairs could represent the first red- 
shift survey of quasar binaries with controlled selection, 
and could strongly constrain quasar dynamics on scales 
< 35 ft -1 kpc, particularly as the line-of-sight velocity 
difference between binaries can place strong lower lim- 
its on the dynamical masses of me rging systems (e.g., 
iMortlock. Webster, fc Francis! Il999f ). Further, such a 
survey would place interesting limits on the evolution 
in the numbers, and dynamical masses, of merging gas- 
rich galaxies, a key component of models of quasar and 
galaxy formation. 
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TABLE 2 

Quasar pairs in the DR4 KDE catalog with separations < 0.1' 



A0(") 



Name 



a (J2000) <5 (J2000) 



Zphot range 



Zspec 



4.30 



SDSSJ024037 
SDSSJ024037 



34-070626.3 
.11-070623.9 



02 40 
02 40 



37.35 
37.11 



-07 06 26.3 
-07 06 23.9 



20.59 
21.53 



20.51 
20.98 



1.45,1 
1.45,1 



.875 
.575 



1.95 
1.80 



2.164 b 

star b 



4.90* 



SDSSJ024907. 
SDSSJ024907. 



SDSSJ034134 
SDSSJ034134 



77+003917.1 
86+003912.4 



02 49 
02 49 



07.78 
07.87 



+00 39 17.1 
+00 39 12.4 



19.74 
21.10 



19.36 
20.63 



2.00,2. 
0.45,0. 



175 
675 



2.25 
0.85 



5.01 



5.93* 



.90-063150.3 
.78-063145.7 



03 41 
03 41 



34.91 
34.79 



-06 31 50.4 
-06 31 45.7 



19.70 
21.16 



19.67 
21.18 



1.40 
1.05 



925 
425 



2.10 
1.55 



SDSSJ071803. 
SDSSJ071803. 



50+402102.6 
09+402059.1 



07 18 
07 18 



03.51 
03.09 



"3^6* SDSSJ073009. 

SDSSJ073009. 

4.07 SDSSJ075339. 86+173410.6 
SDSSJ075340.08+173408.0 



+40 21 02.7 
+40 20 59.2 



20.32 
21.24 



20.39 
21.07 



1.65 
1.60 



925 
775 



2.10 
2.00 



55+354151.9 
66+354149.2 



07 30 
07 30 



09.56 
09.66 



+35 41 52.0 
+35 41 49.2 



20.68 
21.40 



20.70 
20.99 



1.65 
0.70 



825 
875 



2.00 
1.15 



5.04 



07 53 
07 53 



39.87 
40.08 



+ 17 34 10.7 
+17 34 08.0 



19.79 
20.53 



19.61 
20.48 



0.85 
1.05 



975 
275 



1.40 
1.40 



SD9SJ081313 
SDSSJ081312 



10+541647.0 
63+541649.9 



+54 16 47.0 
+54 16 49.9 



17.40 
20.25 



08 13 
08 13 



13.11 
12.64 



17.86 
20.68 



0.65 
0.65 



775 
725 



0.90 
0.90 



SDSSJ081803 
SDSSJ081804 



3.20 



82+191703.4 
05+191703.8 



08 18 
08 18 



03.83 
04.05 



-19 17 03.5 
-19 17 03.8 



20.31 
21.45 



20.14 
21.17 



1.50 
1.50 



.725 
.775 



2.00 
2.05 



4.28 



SDSSJ083258. 
SDSSJ083258. 



56+323000.0 
34+323003.3 



08 32 
08 32 



58.57 
58.35 



+32 30 00.1 
+32 30 03.4 



20.01 
20.84 



19.59 
19.96 



0.40 
2.75 



425 
775 



0.50 
2.80 



4.09 



3.42 



SDSSJ083649. 
SDSSJ083649. 



45+484150.0 
55+484154.0 



08 36 
08 36 



49.46 
49.55 



+48 41 50.1 
+48 41 54.1 



19.71 
18.76 



19.31 
18.50 



0.45 
1.50 



675 
675 



0.80 
1.95 



0.657° 



SDSSJ084257. 
SDSSJ084257. 



57.64 
57.38 



1.710 a (1.712) b 



63+473344.7 
37+473342.5 



08 42 
08 42 



+47 33 44.7 
+47 33 42.6 



20.51 
19.33 



20.45 
19.00 



0.85 
0.50 



775 
625 



2.10 
0.70 



1.552 a 



4.64 



2.50* 



SDSSJ084624 
SDSSJ084624 



-270958.3 
271002.3 



08 46 
08 46 



24.34 
24.51 



+27 09 58.4 
+27 10 02.4 



21.02 
20.97 



20.66 
20.62 



1.90 
2.05 



175 
175 



2.25 
2.35 



SDSSJ085011 
SDSSJ085011 



-093122.0 
093119.6 



08 50 
08 50 



11.87 
11.82 



+09 31 22.1 
+09 31 19.7 



21.65 
21.50 



21.17 
21.15 



0.40 
0.65 



675 
775 



0.90 
0.95 



4.28 



4.68 



SDSSJ085914 
SDSSJ085915 



77+424123.6 
15+424123.5 



08 59 
08 59 



14.77 
15.16 



+42 41 23.7 
+42 41 23.6 



21.01 
19.40 



21.02 
19.22 



0.95 
0.80 



375 
975 



1.65 
1.40 



SDSSJ090018 
SDSSJ090017 



0.897 a '- 
1.338 a 



031228.5 
-031231.9 



09 00 
09 00 



18.13 
17.91 



+03 12 28.5 
+03 12 32.0 



19.77 
21.02 



19.65 
20.79 



1.05 
1.40 



425 
575 



1.50 
2.00 



1.340 b 
1.390 b 



5.42 



SDSSJ090235 
SDSSJ090235 



563756.2 
■563751.8 



09 02 
09 02 



35.73 
35.36 



+56 37 56.3 
+56 37 51.8 



20.60 
20.75 



20.56 
20.95 



1.05 
1.15 



.225 
.275 



1.45 
1.45 



4.80 



4.04* 



SDSSJ092456 
SDSSJ092457 



092003.0 
092006.3 



09 24 
09 24 



56.85 
57.09 



+09 20 03.1 
+09 20 06.4 



20.75 
21.41 



20.71 
21.05 



1.05 
1.45 



375 
525 



1.50 
1.80 



SDSSJ092544 
SDSSJ092544 



30+052541.6 
41+052545.3 



09 25 
09 25 



44.30 
44.41 



+05 25 41.6 
+05 25 45.3 



21.05 
20.53 



20.49 
20.71 



0.65 
1.20 



875 
425 



1.00 
1.50 



4.82* 



SDSSJ092659 
SDSSJ092659 



070652.1 
070656.6 



09 26 
09 26 



59.17 
59.29 



-07 06 52.1 
-07 06 56.6 



20.56 
20.97 



20.40 
20.93 



0.95 
0.95 



.375 
.375 



1.45 
1.50 



5.50 



SDSSJ093015. 
SDSSJ093014. 



420033.6 
-420038.7 



09 30 
09 30 



15.02 
14.82 



SDSSJ093424. 
SDSSJ093424. 



+42 00 33.7 
+42 00 38.7 



19.98 
19.81 



20.03 
19.71 



1.85 
1.15 



025 
425 



2.15 
1.50 



4.80 



-421130.8 
-421135.0 



09 34 
09 34 



24.32 
24.11 



+42 11 30.9 
+42 11 35.0 



20.36 
21.25 



20.30 
21.01 



1.00 
1.45 



125 
675 



1.40 
2.20 



5.55 



SDSSJ093521 
SDSSJ093521 



02+641219.8 
80+641221.9 



09 35 
09 35 



21.02 
21.81 



-64 12 19.9 
-64 12 22.0 



21.02 
21.30 



20.99 
20.96 



1.45 
0.25 



775 
375 



2.10 
0.45 



5.34 



SDSSJ093735 
SDSSJ093734 



631458.6 
-631456.3 



09 37 
09 37 



35.60 
34.88 



-63 14 58.6 
-63 14 56.3 



21.16 
20.35 



20.99 
20.22 



0.95 
0.85 



.325 
.025 



1.45 
1.40 



5.59 



SDSSJ093804. 
SDSSJ093804. 



87+531742.7 
25+531743.6 



09 38 
09 38 



04.87 
04.26 



SDSSJ094309. 
SDSSJ094309. 



+53 17 42.8 
+53 17 43.6 



20.08 
20.70 



19.63 
20.82 



2.10 
1.70 



225 
025 



2.45 
2.15 



1.239 a 



4.57 



66+103400.6 
36+103401.3 



09 43 
09 43 



09.67 
09.36 



+ 10 34 00.6 
+ 10 34 01.3 



19.44 
20.46 



19.24 
20.07 



1.05 
0.95 



325 
525 



1.40 
1.70 



1.554 b 
1.884 a (1.892) b 



3.14 



SDSSJ095454. 
SDSSJ095454. 



73+373419.7 
99+373419.9 



09 54 
09 54 



54.74 
55.00 



-37 34 19.8 
-37 34 20.0 



19.81 
19.19 



19.57 
18.91 



0.95 
1.45 



.475 
.575 



1.65 
1.95 



SD9SJ095840 
SDSSJ095840 



5.33 



74+332216.3 
94+332211.5 



09 58 
09 58 



40.75 
40.95 



+33 22 16.3 
+33 22 11.6 



19.27 
20.75 



19.18 
20.64 



1.35,1 
1.45,1 



475 
725 



2.10 
2.10 



3.94 



SDSSJ095907. 
SDSSJ095907. 



05+544908.0 
47+544906.3 



09 59 
09 59 



07.06 
07.47 



+54 49 08.1 
+54 49 06.4 



20.51 
20.27 



20.60 
20.07 



1.90,2 
1.40,1 



025 
575 



2.15 
2.10 



1.956 b 
1.954 b 



2.93 



SDSSJ100128 
SDSSJ100128 



-502756.8 
-502758.4 



10 01 
10 01 



28.61 
28.35 



-50 27 56.9 
-50 27 58.4 



17.74 
18.64 



17.60 
18.34 



1.45,1 
1.45,1 



725 
575 



2.00 
1.95 



1.839 a ' : 



3.76 



SDSSJ100434 
SDSSJ100434 



79+411239.2 
91+411242.8 



10 04 
10 04 



34.80 
34.92 



SDSSJ100735 
SDSSJ100735 



+41 12 39.3 
+41 12 42.8 



18.78 
19.25 



18.64 
19.04 



1.55,1 
1.55,1 



725 
725 



2.00 
2.15 



1.740 a 



4.19 



42+012559.3 
58+012555.9 



10 07 
10 07 



35.42 
35.59 



+01 25 59.3 
+01 25 55.9 



21.19 
20.49 



21.04 
20.58 



0.95,1 
1.00,1 



225 
225 



1.45 
1.45 



2.93 



SDSSJ103340 
SDSSJ103340 



52+022831.0 
32+022830.6 



10 33 
10 33 



40.52 
40.33 



+02 28 31.1 
+02 28 30.6 



20.50 
20.79 



20.25 
20.26 



1.50,1 
0.25,0 



775 
375 



1.95 
0.45 



0.161 a 



3.46 



SDSSJ103939 
SDSSJ103939 



31+100253.0 
53+100254.3 



10 39 
10 39 



39.32 
39.53 



-10 02 53.0 
-10 02 54.4 



18.88 
19.79 



18.42 
19.60 



0.10,0. 
0.65,1. 



175 
125 



0.25 
1.55 



5.79 



SDSSJ104110 
SDSSJ104109 



SDSSJ104421. 
SDSSJ104421. 
SD9SJ104530. 



01+051443.7 
71+051447.5 



10 41 
10 41 



10.01 
09.72 



+05 14 43.7 
+05 14 47.6 



21.34 
20.91 



20.61 
20.61 



2.20,2 
0.10,0 



375 
175 



2.70 
0.25 



2.68 
5.37 



06+042950.8 
22+042949.6 
70+510611.4 



10 44 
10 44 
10 45 



21.07 
21.23 
30~7TT 



+04 29 50.8 
+04 29 49.7 
+51 06 11.4 



21.16 
19.78 
20.72 



20.97 
19.86 
20.76 



0.90,1 
1.10,1 



575 
425 



1.95 
1.50 
1.45 
1.80 



SDSSJ104531. 09+510615.3 10 45 31.09 +51 06 15.4 20.82 20.39 



1.00,1 
1.45,1 



225 
575 



10 



Myers et al. 



TABLE 2 



A0(") 



Name 



a (J2000) <5 (J2000) 



Zphot range 



3.59 



16-\ 
86-| 



SDSSJ110352. 
SDSSJ110351. 
SDSSJ111054.10- 
SDSSJ111053.63- 



443604.2 
443602.5 



11 03 
11 03 



52.17 
51.87 



+44 36 04.2 
+44 36 02.6 



20.62 
20.88 



20.43 
20.62 



0.95,1. 
1.40,1. 



225,1.45 
25,1.80 



5.91 



-605343.1 
-605347.9 



11 10 
11 10 



54.11 
53.63 



+60 53 43.2 
+60 53 48.0 



21.06 
19.25 



20.86 
18.94 



1.55 
0.65 



1.775 
0.775 



2.20 
0.90 



67+142850.6 
40+142854.8 



5.74 SDSSJ111844 

SDSSJ111844. 

TTT9 SDSSJ 112556.32+143148.0 
SDSSJ112556. 54+143152.1 



11 18 
11 18 



44.67 
44.40 



-14 28 50.7 
-14 28 54.9 



21.20 
21.17 



21.01 
21.08 



1.40 
1.45 



625 
875 



2.20 
2.10 



11 25 
11 25 



56.32 
56.55 



+ 14 31 48.1 
+14 31 52.1 



20.98 
20.49 



20.70 
20.38 



0.90 
1.50 



325 
725 



1.60 
2.15 



5.78 



SDSSJ113638 
SDSSJ113637 



-563503.9 
563500.4 



11 36 
11 36 



38.09 
37.53 



+56 35 03.9 
+56 35 00.5 



19.48 
19.96 



19.02 
19.94 



0.60 
1.85 



675 
075 



0.90 
2.15 



4.92 



SDSSJ114503 
SDSSJ114503 



06+660211.3 
74+660208.6 



11 45 
11 45 



03.06 
03.74 



+66 02 11.3 
+66 02 08.7 



20.02 
20.74 



20.09 
20.24 



1.65 
0.50 



825 
675 



2.00 
0.85 



4.76 



SDSSJ114718 
SDSSJ114718 



66+123436.3 
44+123439.8 



11 47 
11 47 



18.67 
18.45 



+12 34 36.3 
+ 12 34 39.8 



20.30 
21.22 



19.80 
20.91 



2.15 
1.45 



225 
625 



2.60 
2.00 



2.232° 
1.583 b 



1.90 



SDSSJ115119 
SDSSJ115118 



05+465234.5 
87+465235.1 



11 51 
11 51 



19.05 
18.88 



+46 52 34.5 
+46 52 35.1 



21.48 
20.77 



20.50 
20.67 



0.30 
0.95 



325 
225 



0.40 
2.10 



3.98 



SDSSJ115217 
SDSSJ115217 



31- 004746.2 

32- 004750.1 



11 52 
11 52 



17.32 
17.32 



-00 47 46.2 
-00 47 50.2 



21.51 
21.17 



21.00 
20.79 



1.45 
2.00 



525 
075 



1.60 
2.20 



3.56 



SDSSJ115822 
SDSSJ115822 



77+123518.5 
98+123520.3 



11 58 
11 58 



22.78 
22.99 



-12 35 18.6 
-12 35 20.3 



20.32 
20.63 



19.90 
20.12 



0.45 
0.40 



525 
475 



0.65 
0.65 



1.142 a (1.144) b 
1.814 b 



3.06 



SDSSJ120450 
SDSSJ120450 



54+442835.8 
78+442834.2 



12 04 
12 04 



50.54 
50.78 



+44 28 35.9 
+44 28 34.2 



19.15 
19.63 



19.04 
19.48 



0.95 
1.35 



125 
725 



1.45 
1.95 



5.85 



SDSSJ120517 
SDSSJ120517 



34+062125.3 
71+062127.1 



12 05 
12 05 



17.35 
17.72 



+06 21 25.3 
+06 21 27.1 



20.31 
21.12 



20.13 
20.79 



1.45 
0.80 



625 
975 



1.90 
1.55 



SDSSJ120629 
SDSSJ120629 



3.04 



65+433220.6 
64+433217.5 



12 06 
12 06 



29.65 
29.65 



+43 32 20.1 
+43 32 17.1 



19.70 
18.68 



19.38 
18.78 



1.95 
1.65 



175 
825 



2.35 
2.05 



1.789 a - 



3.95 



SDSSJ120727 
SDSSJ120727 



09+140817.1 
25+140820.3 



12 07 
12 07 



27.10 
27.26 



-14 08 17.2 
-14 08 20.4 



20.61 
20.47 



20.39 
20.27 



1.60 
1.55 



775 
775 



2.00 
1.95 



68-1 

on 



SDSSJ120807 
SDSSJ120808. 
SDSSJ 120845. 14-1 
SDSSJ120844.97-I 



124602.3 
124605.0 



12 08 
12 08 



07.68 
08.04 



-12 46 02.4 
-12 46 05.0 



19.29 
21.32 



19.02 
20.91 



1.85 
1.45 



075 
525 



2.20 
1.70 



1.742 a 



3.83 



351051.0 
351047.8 



12 08 
12 08 



45.14 
44.98 



+35 10 51.1 
+35 10 47.8 



18.92 
21.49 



18.99 
21.02 



1.10 
1.45 



275 
575 



1.45 
1.70 



SDSSJ120957. 
SDSSJ120957. 



57.67 
57.72 



2.83 



67+113659.3 
71+113656.6 



12 09 
12 09 



-11 36 59.4 
-11 36 56.6 



20.95 
20.97 



20.70 
20.77 



0.80 
0.90 



975 
125 



1.50 
1.50 



1.45 



SDSSJ121646 
SDSSJ121645 



-352941.5 
-352941.5 



12 16 
12 16 



46.05 
45.93 



+35 29 41.5 
+35 29 41.6 



19.56 
20.49 



19.43 
20.39 



1.90 
1.05 



075 
575 



2.20 
1.95 



SDSSJ 123122 
SDSSJ123122 



3.26 



37+493430.7 
27+493433.8 



12 31 
12 31 



22.38 
22.28 



+49 34 30.8 
+49 34 33.9 



20.05 
21.28 



19.94 
20.63 



1.55 
0.50 



775 
725 



2.15 
0.90 



SDSSJ123555. 
SDSSJ123554. 



3.51 



27+683627.0 
78+683624.7 



12 35 
12 35 



55.27 
54.78 



+68 36 27.1 
+68 36 24.8 



20.16 
19.61 



19.70 
19.04 



0.50 
2.75 



625 
775 



1.10 
2.80 



5.04 



SDSSJ124948. 
SDSSJ124948. 



060714.0 
060709.0 



12 49 
12 49 



48.18 
48.13 



-06 07 14.0 
-06 07 09.0 



20.48 
21.03 



20.38 
20.41 



1.85 
2.20 



075 
325 



2.20 
2.65 



2.376° 
2.001 b 



1.753 b 
1.393 b 



3.01 



SDSSJ125530 
SDSSJ125530 



44+630900.5 
82+630902.0 



12 55 
12 55 



30.44 
30.82 



-63 09 00.5 
-63 09 02.1 



20.55 
20.55 



20.30 
20.60 



1.50 
1.10 



675 
375 



1.90 
1.50 



2.180 b 
2.189 b 



3.55 



SDSSJ125955 
SDSSJ125955 



46+124151.0 
61+124153.8 



12 59 
12 59 



55.46 
55.62 



-12 41 51.1 
-12 41 53.8 



20.32 
20.44 



19.99 
20.09 



1.95 
1.90 



175 
175 



2.30 
2.25 



5.21 



SDSSJ130036. 
SDSSJ130036. 



43+082802.9 
15+082759.8 



13 00 
13 00 



36.44 
36.15 



-08 28 02.9 
-08 27 59.9 



17.83 
21.17 



17.75 
21.07 



1.00 
0.75 



125 
025 



1.40 
1.40 



1.686 b 
1.684 b 



3.81 SDSSJ130326. 14+510051.0 13 03 26.14 

SDSSJ130326. 17+510047.2 13 03 26.18 

~TTi SDSSJ132022. 54+305622.8 13 20 22.55 

SDSSJ132022. 64+305618.2 13 20 22.64 



-51 00 51.0 
-51 00 47.2 



20.66 
20.47 



20.54 
20.37 



1.50 
1.60 



075 
775 



2.20 
2.00 



-30 56 22.9 
-30 56 18.3 



18.83 
20.33 



18.60 
19.92 



1.35 
1.45 



.475 
.575 



1.65 
1.80 



29+143834.4 
19+143837.0 



3.06 SDSSJ133114. 

SDSSJ133114. 

~5T27 SDSSJ133128. 86+373714.4 
SDSSJ133129. 01+373709.4 



13 31 
13 31 



14.29 
14.19 



+ 14 38 34.4 
+14 38 37.1 



20.96 
21.75 



20.71 
21.07 



1.50 
0.40 



125 
475 



2.20 
0.70 



28.87 
29.02 



+37 37 14.4 
+37 37 09.4 



13 31 
13 31 



21.65 
20.29 



21.02 
20.30 



0.35 
1.55 



425 
775 



0.55 
2.15 



3.12 



SDSSJ133713 
SDSSJ133713 



601209.6 
601206.5 



13 37 
13 37 



13.08 
13.13 



-60 12 09.7 
-60 12 06.6 



20.23 
18.77 



20.04 
18.59 



1.30 
1.50 



.775 
.625 



2.05 
1.95 



1.721 b 
1.735 a (1.727) b 



3.89 



SDSSJ133901 
SDSSJ133901 



-620851.5 
-620847.7 



13 39 
13 39 



01.98 
01.91 



-62 08 51.6 
-62 08 47.7 



20.55 
21.27 



20.32 
20.89 



1.50 
1.45 



775 
575 



1.90 
1.95 



1.69 



SDSSJ133907 
SDSSJ133907 



13H 
23-i 



131039.6 
131038.6 



13 39 
13 39 



07.14 
07.23 



-13 10 39.6 
-13 10 38.7 



19.13 
19.62 



18.85 
19.03 



0.65 
2.10 



875 
325 



1.05 
2.60 



2.99 



SDSSJ134929 
SDSSJ134930 



84-i 

oo^ 



122706.9 
122708.8 



13 49 
13 49 



29.85 
30.01 



-12 27 06.9 
-12 27 08.8 



18.01 
19.73 



17.87 
19.33 



1.50 
1.45 



.725 
.575 



1.95 
2.20 



1.722 a ' b 
1.722 b 



4.50 



SDSSJ141855 
SDSSJ141855 



41+244108.9 
53+244104.7 



14 18 
14 18 



55.42 
55.54 



+24 41 08.9 
+24 41 04.7 



19.81 
20.84 



19.27 
20.22 



0.45 
0.40 



525 
625 



0.70 
0.70 



4.94 



SDSSJ142359 
SDSSJ142400 



48+545250.8 
00+545248.7 



14 23 
14 24 



59.48 
00.01 



+54 52 50.8 
+54 52 48.8 



18.92 
20.29 



18.63 
19.93 



1.00 
1.45 



175 
575 



1.45 
1.90 



1.409 a 



"4T27 SDSSJ142604.32+071930.0 

SDSSJ142604.26+071925.8 

~5T41 SDSSJ 143002. 

SDSSJ143002. 

~5T91 SDSSJ 143104.97+270528.6 14 31 04.98 
SDSSJ143104.64+270524.6 14 31 04.65 



14 26 
14 26 



04.33 
04.27 



-07 19 30.0 
-07 19 25.9 



20.09 
20.77 



20.12 
20.82 



1.00 
0.95 



225 
175 



1.45 
1.45 



88+071411.3 
66+071415.6 



14 30 
14 30 



02.89 
02.66 



+07 14 11.3 
+07 14 15.6 



19.56 
20.58 



19.50 
20.27 



1.05 
1.00 



375 
225 



1.45 
1.40 



+27 05 28.6 
+27 05 24.7 



20.91 
20.55 



20.24 
19.79 



2.20 
2.25 



375 
375 



2.65 
2.55 
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TABLE 2 



A0(") 



Name 



a (J2000) <5 (J2000) 



Zphot range 



5.13 



SDSSJ143229 
SDSSJ143228. 
SDSSJ143949. 67+060107.9 
SDSSJ143949. 83+060103.2 



.24-010616.0 
.94-010613.5 



14 32 
14 32 



29.25 
28.95 



-01 06 16.1 
-01 06 13.6 



17.88 
21.40 



17.83 
21.10 



1.90,2 
1.55,2 



025,2.15 
125,2.25 



2.085 a (2.082) b 
2.082 b 



5.33 
3.45 



49.67 
49.83 



SD9SJ144422. 
SDSSJ144422 



59+541320.6 
21+541321.4 



14 39 

14 39 _ 
14 44 22.59 
14 44 22.21 



+06 01 08.0 
+06 01 03.2 
+54 13 20.6 
+54 13 21.5 



19.70 
21.14 



19.56 
20.94 



20.53 
21.18 



0.90,1 
1.00,1 
0.70,0 
1.45,1 



025,1.40 
375,1.50 



20.31 
20.83 



925,1.15 
575,1.80 



3.99 



SDSSJ144740 
SDSSJ144741. 



62+632732.9 
09+632735.3 



14 
14 



40.62 
41.10 



+63 27 
+63 27 



33.0 
35.4 



21.03 
19.54 



21.00 
19.52 



0.90,1 
1.05,1 



225,1.50 
225,1.45 



5.14 



SDSSJ145826 
SDSSJ145826. 
SDSSJ150656.86- 
SDSSJ150657.18- 



72+544813.1 
16+544814.8 



14 58 
14 58 



26.73 
26.17 



+54 48 13.2 
+54 48 14.8 



20.82 
21.08 



20.53 
20.79 



1.65,1 
1.50,1 



925 
775 



1.95 
1.95 



4.00 



505610.5 
■505607.9 



15 06 
15 06 



56.87 
57.18 



-50 56 10.6 
-50 56 07.9 



19.47 
20.18 



19.22 
19.75 



0.65,0 
2.00,2 



775 
225 



1.00 
2.40 



4.35 



SDSSJ150747 
SDSSJ150746 



23+290333.2 
90+290334.1 



15 07 
15 07 



47.23 
46.91 



+29 03 33.3 
+29 03 34.2 



20.40 
20.70 



19.97 
20.44 



0.70,0 
0.80,0 



775 
975 



0.95 
1.25 



2.90 



SDSSJ150842 
SDSSJ150842 



SDSSJ151055 
SDSSJ151055 



21+332805.5 
19+332802.6 



15 08 
15 08 



42.22 
42.20 



+33 28 05.5 
+33 28 02.6 



20.70 
17.95 



20.43 
17.83 



0.25,0. 
0.70,0. 



375 
875 



0.45 
1.00 



0.878 b 
0.878 a - b 



97+374124.1 
73+374119.3 



55.97 
55.73 



+37 41 24.2 
+37 41 19.3 



5.62 



15 10 
15 10 



19.88 
20.13 



19.64 
19.85 



0.90,1 
0.80,0 



075 
975 



1.45 
1.40 



5.31 



SDSSJ151258 
SDSSJ151258 



43+295150.4 
06+295148.1 



15 12 
15 12 



58.43 
58.07 



+29 51 50.4 
+29 51 48.1 



18.75 
21.23 



18.68 
20.82 



1.45,1 
0.45,0 



725 
475 



2.00 
0.50 



SDSSJ 151709 
SDSSJ151709 



15 17 
15 17 



5.39 



88+084414.3 
55+084416.5 



09.89 
09.56 



-08 44 14.3 
-08 44 16.5 



21.55 
20.94 



20.89 
20.91 



0.40,0 
1.70,1 



475 
875 



0.55 
1.95 



5.28 



SDSSJ151823 
SDSSJ151823 



05+295925.4 
43+295927.5 



15 18 
15 18 



23.06 
23.43 



-29 59 25.5 
-29 59 27.6 



19.95 
20.12 



19.51 
20.24 



1.00,1 
1.10,1 



175 
225 



1.45 
1.45 



1.249 a 



SDSSJ152019 
SDSSJ152020. 
SDSSJ152050.04- 
SDSSJ152050.18- 



86+234107.1 
11+234106.5 



0.70 
0.90 



3.52 



1.94 



15 20 
15 20 



19.86 
20.12 



-23 41 07.2 
-23 41 06.6 



20.61 
20.33 



20.11 
19.79 



0.40,0. 
0.65,0. 



475 
775 



-263740.9 
-263740.8 



15 20 
15 20 



50.04 
50.19 



-26 37 40.9 
-26 37 40.9 



19.12 
19.45 



19.19 
19.34 



1.85,2 
1.00,1 



075 
425 



2.15 
1.75 



1.531 b 
1.533 b 



4.11 



SDSSJ153038 
SDSSJ153038 



-530404.0 
-530100.6 



15 30 
15 30 



38.56 
38.82 



+53 04 04.0 
+53 04 00.6 



20.94 
20.76 



20.56 
20.70 



1.45,1 
1.40,1 



575 
725 



1.95 
2.15 



3.60 



SDSSJ154334 
SDSSJ154334 



27+264657.7 
28+264654.1 



15 43 
15 43 



34.28 
34.29 



+26 46 57.8 
+26 46 54.2 



20.94 
20.65 



20.84 
20.63 



0.80,0 
1.30,1 



975 
925 



1.45 
2.10 



3.74 



SDSSJ154515 
SDSSJ154515 



275601.0 
-275559.2 



15 45 
15 45 



15.98 
15.73 



-27 56 01.1 
-27 55 59.3 



20.13 
21.35 



19.84 
20.69 



1.45,1 
0.45,0 



525 
625 



1.85 
0.70 



5.37 



SDSSJ155908 
SDSSJ155908 



39+264031.8 
21+264036.7 



15 59 
15 59 



08.39 
08.22 



-26 40 31.9 
-26 40 36.7 



20.45 
21.11 



20.02 
20.44 



0.75,0 
2.20,2 



925 
275 



1.10 
2.65 



3.58 



SDSSJ160032 
SDSSJ160032 



31+163347.2 
54+163348.5 



16 00 
16 00 



32.31 
32.54 



+ 16 33 47.2 
+ 16 33 48.5 



21.00 
21.51 



20.79 
21.11 



1.45,1 
1.45,1 



725 
575 



2.00 
1.90 



3.45 



SDSSJ160603 
SDSSJ160602 



-290050.8 
-290048.7 



16 06 
16 06 



03.02 
02.81 



-29 00 50.9 
-29 00 48.8 



18.66 
18.87 



18.42 
18.50 



0.70,0. 
0.50,0. 



875 
725 



1.00 
1.00 



4.57 



SDSSJ160926. 
SDSSJ160926. _ 
SDSSJ162419. 98+350644.4 
SDSSJ162419. 80+350649.6 



28+075324.4 
58+075323.1 



16 09 
16 09 



26.29 
26.58 



+07 53 24.4 
+07 53 23.2 



20.40 
21.47 



19.79 
21.13 



2.20,2. 
0.35,0. 



325 
725 



2.60 
0.90 



5.63 
4.22 



16 24 
16 24 



SD9SJ162847. 
SDSSJ162848. 



75+413045.4 
06+413043.1 



19.99 
19.81 
47T75" 



+35 06 44.5 
+35 06 49.7 
+41 30 45.4 



20.83 
21.27 
"2O09" 



20.72 
20.80 



0.75,0. 
1.45,1. 



925 
575 



16 28 - 

16 28 48.07 +41 30 43.2 20.60 



1.10 
1.90 
1.70 
2.20 



19.81 
20.40 



1.35,1 
1.95,2 



525 
075 



0.926 a (0.923) b 
0.906 b 



4.35 



SDSSJ162902 
SDSSJ162902 



59+372430.8 
63+372435.1 



16 29 
16 29 



02.59 
02.63 



4.92 SDSSJ163510. 

SDSSJ163510. 

3.90* SDSSJ163700. 93+263609.8 
SDSSJ163700. 88+263613.7 



+37 24 30.8 
+37 24 35.2 



19.36 
19.53 



19.17 
19.35 



0.80,0. 
0.70,0. 



975 
925 



1.10 
1.10 



30+291116.1 
14+291120.6 



16 35 
16 35 



10.31 
10.15 



+29 11 16.2 
+29 11 20.6 



20.74 
19.14 



20.43 
18.83 



1.40,1 
1.45,1 



525 
575 



1.85 
1.80 



16 37 
16 37 



00.93 
00.88 



SDSSJ164130. 
SDSSJ164130. 



+26 36 09.9 
+26 36 13.7 



19.69 
20.99 



19.36 
20.61 



1.40,1 
0.45,0 



525 
575 



1.80 
0.85 



1.961 c 
1.961 c 



5.50 



81+230837.6 
90+230843.0 



16 41 
16 41 



30.81 
30.91 



+23 08 37.7 
+23 08 43.0 



20.36 
21.61 



20.35 
21.16 



0.85,1 
1.05,1 



025 
475 



1.40 
1.60 



0.586 a ' d 



2.32 SDSSJ164311. 

SDSSJ164311. 

3.62* SDSSJ164928. 79+173306.5 
SDSSJ164928. 99+173308.5 



34+315618.3 
38+315620.6 



16 43 
16 43 



11.34 
11.39 



+31 56 18.4 
+31 56 20.6 



19.61 
20.45 



19.20 
19.99 



1.50,1 
1.35,1 



675 
575 



1.85 
1.80 



5.96* 



16 49 
16 49 



28.79 
29.00 



+17 33 06.5 
+17 33 08.6 



19.56 
20.00 



19.34 
19.77 



1.90,2 
1.90,2 



075 
075 



2.20 
2.20 



SDSSJ170735. 
SDSSJ170736. 



SDSSJ171334. 
SDSSJ171335. 



76+274233.9 
04+274238.5 



17 07 
17 07 



35.77 
36.05 



+27 42 33.9 
+27 42 38.6 



20.46 
21.66 



20.03 
21.33 



0.40,0. 
0.90,1. 



475 
375 



0.65 
1.50 



1.277 a 



5.83 



41+553050.3 
03+553047.9 



17 13 
17 13 



34.41 
35.04 



+55 30 50.4 
+55 30 47.9 



19.02 
19.55 



18.88 
19.11 



1.00,1. 
2.00,2. 



375 
175 



1.45 
2.20 



1.600 a (1.604) b 
1.597 b 



3.72 SDSSJ172317.42+590446.4 17 23 17.42 +59 04 46.4 19.09 18.88 1.55,1.725 

SDSSJ172317.30+590442.7 17 23 17.31 +59 04 42.8 20.81 20.31 1.45,1.725 

0.98* SDSSJ203718. 30-051233. 7 20 37 18.31 -05 12 33.7 2O40 19772 2.80,2.825 

SDSSJ203718. 24-051233. 3 20 37 18.25 -05 12 33.3 19.51 18.52 2.35,2.375 



1.90 
2.25 



4.35 
4.35 



star a 



SDSSJ205822 
SDSSJ205822 



4.95* 



5.06* 



47-002003.7 
18-002001.3 



20 58 
20 58 



22.47 
22.18 



-00 20 03.7 
-00 20 01.4 



21.88 
21.28 



21.37 
21.10 



0.90,1 
1.45,1 



375 
725 



1.55 
2.10 



SDSSJ211157. 
SDSSJ211157. 



26+091554.2 
24+091559.3 



21 11 
21 11 



57.27 
57.25 



+09 15 54.3 
+09 15 59.3 



20.41 
20.64 



19.83 
20.73 



1.00,1 
0.95,1 



325 
275 



1.35 
1.40 



star a 



1.995 b 
2.002 b 



5.81* 



SDSSJ221426. 
SDSSJ221427. 



SDSSJ222423 
SDSSJ222423 



79+132652.3 
03+132657.0 



22 14 
22 14 



26.79 
27.03 



+13 26 52.4 
+ 13 26 57.0 



20.94 
20.48 



20.64 
20.34 



1.55,2 
1.65,1 



025 
825 



2.20 
2.05 



675 
075 



5.81 



.36-094645.4 
70-094642.6 



22 24 
22 24 



23.36 
23.70 



-09 46 45.5 
-09 46 42.6 



20.59 
21.16 



20.31 
21.04 



1.50,1 
1.45,2 



2.10 
2.20 



Myers et al. 



TABLE 2 



A0(") 


Name 




a (J2000) 


<5 (J2000) 


u 


9 


Zphot range %spec 


3.52* 


SDSSJ230946.52-i 
SDSSJ230946^ 


-152145.5 
-152142.9 


23 09 46.53 
23 09 46.69 


+ 15 21 45.5 
+ 15 21 43.0 


20.72 
21.08 


20.60 
20.83 


1.00,1-275,1.45 
1.05,1.325,1.45 





Note that u and g arc "as observed" (they have not been corrected for Galactic extinction) 

* Source: DR4 Catalog Archive Server (e.g., likely (Schneider et al.H20Q5l) 
Source: iHennawi et all f2006|) 

: Source: Sramck & Wccdman (1978); Dioreovski & Spinrad (1984) 

* Probable binary quasar-starburst flBrotherton et al.lll999D 

Objects in Galactic regions with absorption A g > 0.21. These were not included in our main analysis, as it is known (see, 
:.g. , Myers ct al. 2006, or the Appendixes of Papcrl) that such objects have a higher probability of being stars 

Object with low confidence redshift 

" High probability lens (as recorded at http://cfa-www.harvard.edu/castlcs/) 



